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Descripti n 

Background of th Inv ntion 

Technical Field 

The present invention relates to a silicon-based 
optica) sut>assembly and. more particularly, to an opt- 
ical subassembly including a silicon substrate with a 
plurality of etched openings for positioning of various 
optical components. 

Description of the Prior Art 

Semiconductor optical devices such as lasers are 
used in a wide variety of applications, due to their 
compactness, relatively high efficiency, and well- 
controlled output. However, a number of require- 
ments are imposed upon these devices. For durabil- 
ity, cooling of the optical device is often necessary, 
since prolonged high temperature operation can se- 
riously damage and even destroy the device. Further, 
since the output light intensity from the device is a 
function of its junction temperature, the supporting 
structure must be able to efficiently dissipate the heat 
generated by the high current density in the device in 
its operating state. 

Issues regarding the assembly of these semicon- 
ductor optical devices with the required lensing and 
other passive optical components is another area of 
concern. In most conventional optical subassenv 
blies, the supporting structure may comprise a nunv 
ber of different members. For example, a convention- 
al optical subassembly may utilize one member for 
the active (e.g., laser) device and a separate member 
for the passive components. Alignment between the 
two members is thus required to achieve the desired 
minimum level of acceptable coupling loss. Alterna- 
tively, a single mounting member may be used to hold 
all the required optical components. In the latter ar- 
rangement, each mounting member is Individually 
formed, using precision die-cast piece parts, for ex- 
ample. Additionally, active alignnDent operations are 
often required as each component is affixed to the 
mounting nnember. As a result, the optical subassenv 
biy is often a relatively expensive component of a 
lightwave transmitter, requiring a relatively long, ex- 
pensive and tedious assembly process. Further, any 
modifications in the size, number or arrangement of 
the optical components often necessitates a redesign 
of the complete optical subassembly. 

Thus, a need rennains in the prior art for an optical 
subassembly which is robust in design, relatively sim- 
ple to assemble (i.e., requiring few, if any, active 
alignments), and more amenabi to high-volum . 
low-cost manufacture than thos available in th prior 
art. Furth r. a need remains for an optical subass m- 
bly, including an isolator, which is capable of efficient- 



ly controlling the temperature of both th laser and 
the isolator. 

Summary f the Inv ntlon 

5 

The needs remaining in the prior art are ad- 
dressed by the present invention which relates to an 
optical subassembly and. nf>ore particularly, to a sili- 
con-based subassembly including a plurality of etch- 
to ed openings for positioning of various optical compo- 
nents according to claims 1 and 20. 

In accordance with the teachings of the present 
invention, a silicon substrate is processed to form a 
plurality of openings for placement of the required 

15 optical components. In one particular embodiment, 
the silicon substrate is etched to include a fist open- 
ing for placement of a first (e.g., subassembly-to-f iber 
coupling) lens, a second opening for placement of iso- 
lator optics, and a third opening for placement of a 

20 second (e.g.. laser-to-isolator coupling) lens. A fourth 
opening for placement of a laser diode chip carrier 
may also t>e included. 

During the actual fabrication process, a silicon 
wafer may be patterned and etched to simultaneously 

25 form hundreds of subassemblies. In an alternative 
embodiment, the second opening (for the isolator) 
may be eliminated - this design is especially suited for 
low speed applications where isolation of the laser 
from the remaining components is not necessary. Al- 

30 ternatively. this second opening may be used to hold 
other passive optical components, such as a third 
lens or filter. 

It is an advantage of the present invention that the 
isolator optics are included on the same substrate as 

35 the laser such that both components are cooled by 
the same them^lectric cooler (TEC) so as to oper- 
ate at the same (controlled) temperature. Additional- 
ly, the isolator's magnet is thermally separated from 
the remaining elements forming the optical subas- 

40 sembly. As mentioned above, the cooling of the mag- 
net in prior art designs is not necessary and only 
serves to increase the cooling load on the TEC. Ther- 
mal separation is achieved in accordance with one 
aspect of the present invention by supporting the sil- 

45 icon substrate in the cantilever arrangement so as to 
pass through the open core region of the isolator's 
magnet in a manner such that physical contact be- 
tween the magnet and substrate is avoided. Asupport 
member, attached to the underside of the substrate in 

50 the vicinity of the laser, is used to form the cantilever 
arrangement with the substrate and prevent physical 
contact between the silicon substrate and the mag- 
net. In one embodiment, the support member is the 
thermoelectric cooler (TEC) which is advantageously 

55 attached to the und rsid of the silicon substrate in 
th vicinity of the laser diode and isolator optical conrv 
ponent. The us of silicon as the submount material 
provides for r latively quick transport of temperature 
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Chang s from the TEC through the substrate to th 
laser and isolator optics. 

Another advantage of th pres nt inv ntion is 
that th etching process used to form the p nings is 
retativ ly simple and nnay be control I d so as to pro- 
vide the required optical alignment between the vari- 
ous components placed In the openings without the 
need to perform timely (and costly) active alignments 
subsequent to assembly. 

Af urther advantage is that the submount (the sil- 
icon substrate) may be redesigned merely by chang- 
ing the masks used to delineate the locations of the 
various openings. 

Various and other advantages of the present in- 
vention will become apparent during the course of the 
following discussion and by reference to the accom- 
panying drawings. 

Brief Description of the Drawing 

Referring to the drawings, where like numerals 
represent like parts in several views: 

FIG. 1 is a view in perspective of a silicon- based 
submount formed in accordance with the present 
invention; 

FIG. 2 contains a view in perspective of the sub- 
mount of FIG. 1, with the various optrcal compo- 
nents attached thereto so as to form an exenD- 
plary silk:on-based optical subassembly; 
FIG. 3 is a top view of the arrangement of FIG. 2, 
illustrating in particular the disposition of the opt- 
ical isolator with respect to the lens components; 
FtG. 4 Is a side view of the arrangement of FIG. 
2, illustrating the depths of the openings created 
in the silicon submount for the various optical 
components; 

FIGs. 5-8 illustrate an exemplary processing se- 
quence used to form a silicon subnrK)unt of the 
present invention; and 

FIG. 9 illustrates an alternative silicon-based opt- 
ical subassembly formed in accordance with the 
present inventton, including high frequency inter- 
con nectbns to an external signal source. 

Detailed Description 

Throughout the course of the following discus- 
sion, the silicon substrate used to hold the various 
optical components will be referred to as the "sub- 
mounf; the arrangement including the submount and 
the various optical components attached thereto will 
be referred to as the "optical subassembly", or simply, 
the "subassembly". 

FIG. 1 contains a view in perspective of an exem- 
plary si I icon- based optical submount 10 formed in ac- 
cordance with the present inv ntion. In this particular 
arrangement, submount 10 comprises a silic n sub- 
strat 11 which is processed to include a plurality of 



openings, fonmed in t p surface 13 th r of, for the 
plac ment of a plurality of optical d vices. In the ex- 
mplary mbodtmentof FIG. 1, silicon substrate 11 is 
formed to include a first opening 12 for placement of 

5 a first lens. As shown, op ning 12 is form d as a r c- 
tangular trapezoid, with sidewalls 14,16 which slant 
inwardly towards a bottom surface 18. Opening 12 is 
so formed with predetemfiined dimensions appropri- 
ate for placement therein of a cylindrically-shaped 

10 graded-index (GRIN) lens (FIG. 2), used to focus the 
colli mated optical signal entering the lens into an ex- 
ternal optical communication medium, for example, 
the core region of an attached optical fiber (FIG. 2). 
It is to be noted that a square- or spherically-shaped 

IS lens would require a different sized opening. 

A second opening 20, relatively small and square 
in form, and also including inwardly tapering side- 
walls, is formed in top surface 13 of sitrcon substrate 
11 along the illustrated z-axis in tandem with first 

20 opening 12. Opening 20 may be used to hold a sec- 
ond lens, for example, a spherical lens which is used 
to colli mate the optical signal exiting an active optical 
device (e.g., laser). Second opening 20 is formed to 
comprise suitable dimensions such that the input 

25 beam from the active device will intercept a spherical 
lens in a manner such that the lens will form a colli- 
mated output signal. 

A third opening 22 is formed between first open- 
ing 12 and second opening 20, along the z-axis of 

30 substrate 11 as shown in FIG. 1. Third opening 22 
also comprises a rectangular trapezoidal shape, with 
side faces 24, 26 sloping inwardly towards a bottom 
surface 28. Opening 22 may be used, as shown in lat- 
er figures, to hold the optical component portion of an 

35 optical isolator. As mentioned above, an optical isola- 
tor may be used in high bit rate applications where it 
is desired to prevent any significant reflections from 
re-entering the laser active region. In this particular 
embodiment, the physical dimensions of the isolator 

40 are somewhat smaller than those of the GRIN lens. 
Therefore, opening 22 is somewhat snr^ller than 
opening 12. As will be discussed in detail below, the 
relative sizes of the openings may differ, as dictated 
by the dimensions of the various components con- 

45 tained therein. A fourth, relatively shallow opening 22 
may be located behind opening 20. Opening 30 is util- 
ized for placement of the chip carrier holding the ac- 
tive optical device. In an alternative embodiment, the 
chip carrier may be attached directly to top surface 1 3 

50 of substrate 11. 

FIG. 2 contains a view in perspective of an optical 
subassembly 32 utilizing the silicon-based submount 
10 of FIG. 1. Inatypteal packaging sequence, a GRIN 
lens 34 and spherical lens 36 are placed in and at- 

55 tached to openings 12 and 20, respectively, using, for 
xampte, a glass sold r. Advantageously, the tapered 
skj walls of openings 12,20 provide for physical con- 
tact for the dges thereof, to silicon substrat 11. A 



3 



5 



EP 0 465 230 B1 



6 



chip carri r 38, holding a pre-bond d laser 40. Is next 
align d with and soldered to a m tal contact deposit- 
din opening 30 (or alternativ ly.m unteddir ctlyon 
substrat top surface 13). As will be deschb d below, 
the process of tching the various op nings may t>e 5 
sufficiently controlled so as to provide, for example, 
a ±5 ^ alignment tolerance between laser 40 and 
lens 36. Subsequent to the placenr>entof chip carrier 
36, the optical component portion 42 of an isolator 44 
is attached to opening 22. A backface monitor 46 may io 
be placed as shown in FIG. 2 so as to intercept the 
light emitted from the rear face of laser 40. The output 
from backface monitor 46 is coupled to an external 
monitoring circuit (not shown) which f unctbns to ad- 
just the laser to maintain constant output power by, for is 
example, controlling the laser bias current. A temper- 
ature sensor 47 is located in dose proximity to laser 
40 and optical component 42 so as to monitor the an> 
bient temperature of the packaged arrangement in 
the vicinity of laser 40 and component 42. The output 20 
from sensor 47 is coupled to a thermoelectric cooler 
(TEC) 48 which functions to regulate the operating 
temperature of laser 40 and isolator optics compo- 
nent 42, in response to the signal from sensor 47, 
such that a relatively constant laser/isolator optics 25 
temperature is maintained. 

As discussed at>ove, an advantage of the ar- 
rangement of the present invention is that TEC 48 
may be attached to the underside of silicon substrate 
11, in proximity to both laser 40 and isolator optics 42. 30 
The choice of silicon as the submount material is par- 
ticularly suited for this aspect, since silicon is known 
to exhibit excellent thermal transport properties such 
that any change in the temperature of TEC 48 will be 
quickly transferred through substrate 11 to laser 40 35 
and Isolator optics 42. Alternatively, if the subassenv 
biy does not utilize a TEC in this position, a support 
block 50, for example, another silicon substrate, may 
be attached to the underside of the optical subassenr>- 
bly in proximity to laser 40. 40 

TEC 48 (or support block 50) is used as shown in 
FIG. 2 to provkJe a cantilever arrangement. In partic- 
ular, the far end 51 of substrate 11 is cantiievered with 
respect to support block 50. The cantilever design is 
advantageous in the optical subassembly of the pres- 4$ 
ent invention, since the design allows for the perma- 
nent magnet portion 52 (shown in phantom) of isolator 
44 to be slid over the subassembly and positbned to 
surround isolator optics 42 without touching silicon 
substrate 11 . Since the two pieces are not in physical so 
contact, any temperature changes of silicon sub- 
strate 11 as a result of the operation of TEC 48 (or any 
other TEC attached to substrate 1 1) will not be trans- 
ferred to magnet 52. The thermal isolatbn between 
TEC 48 and nnagn t 52 thus pr v nts any unnec s- 55 
sary cooling of magn 1 52. 

FIG. 3 illustrates a top view of optical subassenv 
bIy 32, showing in particular th positioning of isolator 



ptics 42, permanent nnagn 1 52, and th path of the 
central ray through th system. Th angling of optics 
42 relative to op ning 20 is evid nt in this view. In par- 
ticular, isolator optics 42 may b tilted at a predeter- 
mined angle (6'', for example) with respect to the cen- 
tral ray and opening 22. The purpose of the tilt is to 
achieve improved isolation and is not germane to the 
present discussion regarding the optical subassem- 
bly. Additionally, as shown in FIG. 3, a connecting f it>- 
er54 may contain a beveled endface 55 (formed at an 
angle of 6°, for example) to further reduce reflections. 

A cut-away side view of optical subassembly 32 
is illustrated in FIG. 4. In this view, the path between 
the optical components is clearly illustrated, along 
with the signal path between laser 40 and backface 
monitor 46. The positioning of each component within 
its associated opening is clearly visible in this partic- 
ular view. The alignment of backface monitor 46 with 
laser 40 is obvious from this view Further, as shown, 
it is not necessary that each component rest in the 
base of each opening, since the physical contact be- 
tween the component and the opening is in reality 
provided along the sidewalls of the opening. In FIG. 
4, GRIN lens 34 is particularly illustrated as being dis- 
posed above t>ottom surface 1 8 of opening 1 2. There- 
fore, the fabrication process of submount 10 is con- 
skjered to be somewhat tolerant to f luctuatbns relat- 
ed to the depths of the various etch processes. 

The following discussion is descriptive of an ex- 
emplary process for fabricating silicon subnK)unt 10 
to include the required openings for placement of the 
various optical components. It is to be understood 
that although the discussion and associated figures 
are related to the fomnation of a single silicon sub- 
mount, hundreds of such submounts may be formed 
simultaneously when a silicon wafer is subjected to 
the fabrication process. Further, the following proc- 
ess steps and/or their sequence are not consktered to 
be unique; various modifications may be utilized to 
provide a silicon-based submount within the scope of 
the present inventton. 

In one exemplary processing sequence, a <100> 
silicon substrate 11 is provided, where the <100> ori- 
entation is utilized so that subsequent etching of top 
surface 13 will create openings with tapered side- 
walls, since the sidewall <111> orientation is known to 
etch at a relatively slow rate with respect to the etch 
rate of <100> silicon (ratio of approximately 1 :25). As 
shown in FIG. 5, a relatively thick (for example, ap- 
proximately 5000 A) oxide layer 60 is first grown on 
the top surface 1 3 of substrate 11 . Oxide layer 60 is 
then patterned (using well-known exposure techni- 
ques) to delineate the locations of openings 12, 20 
and 28. The exposed oxide is then etched in these 
areas so as to I ave a r latively thin (for xample, ap- 
proximately 1000 A) oxide layer over surfac 13 of 
substrate 11 at th locations of openings 12, 20 and 
22. FIG. 6 illustrates the substrate with an tched ox- 
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ide layer 60. Metallization 64 required for v ntual 
electrical connection of chip carrier 38, backface 
monitor46,andt mperatur sensor47isthend pos- 
ited over oxide 60 in the appropriat locations, as il- 
lustrat d in FIG. 6. As cond metal layer 66 may then s 
be sputtered on the backside of substrate 11, where 
metal layer 66 serves as signal ground for the com- 
pleted subassembly. 

After the metallization process, oxide layer 60 is 
patterned and etched to expose surface 13 of sub- io 
strate 11 at the locations for openings 12 and 28. A 
buffered oxide etch may be used for this purpose. The 
exposed silicon surface 13 is then etched for a pre- 
determined pertod of time to provide an opening suf- 
ficient for placement of lens 36, as illustrated in FIG. is 
7. In particular, a depth 62 may be in the range of 100- 
200 ^m. As mentk)ned above, all depths are meant to 
be exemplary only, since each design will require va- 
rious modifications as a function of the dimensions of 
the optical components. 20 

Opening 20 for isolator optics 42 is next formed 
by first removing oxide layer 60 above silicon surface 
1 3 in the predetenmined areas for optics 42. Substrate 
11 is then masked to expose only the location of open- 
ings 12 and 20. The exposed locations are then etch- 25 
ed for a predetermined period of time sufficient to cre- 
ate opening 20 with a depth da appropriate for isolator 
optics 42. In particular, this depth may be in the range 
of 400-500 |im. As shown in FIG. 8, the second etch 
in the location of opening 12 results in a depth di of 30 
approximately d2 + da, sufficient for placement of a 
GRIN lens 34, where di may be in the range of 500- 
700 p.m. It is to be noted that depending upon the re- 
quired sizes, openings 12, 20 and 22 may be created 
in three separate pattern and etch routines. Addition- 35 
ally, as mentioned above, a fourth opening 30 may be 
formed behind opening 20 for the placement of chip 
canrier 38. Opening 30 is relatively shallow, on the or- 
der of 10-20 ^m. FIG. 8 illustrates a processed sub- 
mount including opening 30. 40 

FIG. 9 illustrates an alternative silicon-based opt- 
ical subassembly 68 formed in accordance with the 
present invention. In this embodiment, referred to as 
a coplanar connection subassembly, the signal 
ground plane is provided, using vias through the sub- 4S 
strate. on top surface 13 of substrate 11 . In particular, 
the high frequency signal connections to laser 40 are 
provided by a first connectton 70 and a second con- 
nection 72. Connection 70 is attached to a first met- 
allic strip 74, where strip 74 is subsequently attached 50 
to chip carrier 38. Second connection 72 is coupled by 
a series of vias (not shown) to a second metallic strip 
76 disposed on the underside of substrate 11 (illu- 
strated in phantom in FIG. 9). First metallk; strip 74. 
silicon substrat 1 1 and s cond metallk; strip 76 form 55 
astriplin to provide a high frequency int rconn ction 
between an external signal source (not shown) and 
laser 40. A thin film resistor 78 is locat d on chip car- 



ri r 38 in proximity to laser 40 to provkie impedance 
matching of the las r to the striplin . A thorough de- 
scriptbn of an x mpiary silicon-based high- 
frequency int rconnection may be found in S rial No. 
287,778, fled December 21, 1988, entitled "Silicon- 
Based Mounting Structure for Semiconductor Optical 
Devices', and assigned to the assignee of the present 
Invention. As disclosed therein, a silicon substrate is 
processed to include a via in proximity to the laser so 
as to provide for attachment of the underlying metallic 
strip to the top-side laser contact. The use of such a 
via connection, in conjunction with the impedance 
matching resistor, provides for a relatively robust high 
frequency connection at data rates exceeding 2 Gb/s. 

It is to be noted that there exist various nx>dif ica- 
tions to the silicon-based optical subassembly which 
are considered to fall within the scope of the present 
invention. For example, various optical filters, such 
as wavelength-selective filters or dichroic filters may 
be placed in silicon subnfx>unt openings and optically 
aligned with the associated active device(s). Further, 
a single submount could be formed to include an array 
structure of active devices, with the necessary pas- 
sive components appropriately disposed in the silicon 
submount. Alternatively, an optical subassembly of 
the present invention could be configured as a optical 
transceiver subassembly including an optical trans- 
mitting device, an optical receiving device and the re- 
quired lensing and filtering components. 



Claims 

1. An optical subassembly comprising: 

a plurality of optical devices (34,36,40,44); 

a silicon substrate (11) defined as includ- 
ing a major top surface (13), said silicon sub- 
strate including a plurality of openings 
(12,20,22,30) formed in the top surface thereof, 
the plurality of openings for placement of said 
plurality of optical devices and disposed so as to 
provide optical alignment therebetween; and 

a support member (e.g., 48,50) disposed 
with respect to said silicon substrate so as to form 
a cantilever arrangement therewith. 

2. An optical subassembly as defined in daim 1 fur- 
ther including at least one active optical device 
(40). 

3. An optical subassembly as defined in claim 2 
wherein the at least one active optical device 
comprises a laser. 

4. An optical subassembly as defined in claim 2 
wherein the at least one activ optical device is 
plac d within an opening (30) in th silicon sub- 
strat top surface in proximity to the support 
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m mb r. 

5. An optical subass mbly as d fin d in claim 2 
wherein the plurality of optical devices further in- 
cludes an optical isolator (44). 

6. An optical subassembly as defined in daim 5 
wherein the optical Isolator comprises 

an isolator optical component placed with- 
in an opening in the silicon substrate top surface 
so as to be in optical alignment with the active 
optical device; and 

a permanent magnet (52) disposed to sur- 
round the isolator optical component in a manner 
such that physical contact with the silicon sub- 
strate is avoided. 

7. An optical subassembly as defined in daim 2 
wherein the plurality of optical devices further in- 
dudes at least one passive optical component 
(34,36). 

8. An optical subassembly as defined in daim 7 
wherein the at least one passive optical compo- 
nent comprises 

a first lens (34) for coupling an optical sig- 
nal exiting the optical subassembly to an external 
optical communication medium; and 

a second lens (36) coupled to the active 
optical device for collimating the optical output 
therefrom. 

9. An optical subassembly as defined in daim 8 
wherein the external optical communication me- 
dium comprises an optical fiber (54). 

10. An optical subassembly ias defined in daim 8 
wherein 

the first lens comprises a graded index 
lens of cylindrical shape for transforming a colli- 
mated input beam into a focused output beam; 
and 

the second lens comprises a spherical 
lens for collimating the optical input signal ap- 
plied thereto. 

11. An optical subassembly as defined in daim 10 
wherein the silicon substrate indudes 

a first opening (1 8) for the first lens, said 
second opening comprising a relatively trapezoi- 
dal shape of a depth 6^; and 

a second opening (20) for the second tens, 
said second opening comprising a relatively 
square pyramidal shape of a depth da. 

12. An optical subassembly as d fined in daim 11 
wherein depth d^ is within the range of approxi- 
mately 500-700 ^m, and depth 62 is within th 



range of approximately 100-200 ^m. 

13. An optical subassembly as defin d in claim 2 
wherein the support memb r compris s a ther- 

5 moelectric cooler. 

14. An optical subassembly as defined in daim 13 
wherein the thermoelectric cooler is disposed 
with respect to the silicon substrate so as to pro- 

10 vide a thermal transport path through said silicon 
substrate to the active optical device. 

15. An optical subassembly as defined In daim 14 
wherein the plurality of optical devices further 

15 comprises an optical isolator including an isolator 
optical component placed within an opening in 
the silicon substrate top surface and disposed 
along the thermal transport path from the ther- 
moelectric cooler and said silicon substrate. 

20 

16. An optical subassembly as defined in claim 2 
wherein the at least one active optical device is 
disposed on an optical chip carrier (38), said opt- 
ical chip earner being attached to the top surface 

25 of said silicon substrate. 

17. An optical subassembly as defined in daim 16 
wherein the chip carrier is attached within an 
opening formed within the top surface of the sili- 

30 con substrate, the depth of the opening such that 

active region of optical device remains disposed 
above the top surface of said silicon substrate. 

18. An optical subassembly as defined in claim 2 
35 wherein the at least one active device further 

comprises as a second active device a backface 
monitor (46) positioned to intercept the optical 
signal exiting the rear face of the first active de- 
vice. 

40 

19. An optical subassembly as defined in claim 1 
wherein the silicon substrate comprises <100> 
oriented silicon such that the plurality of openings 
include inwardly tapering sidewalls of <111> ori- 

45 entation. 

20. An optical subassembly comprising 

an active semiconductor optical device 
(e.g.. 40); 

50 isolating means (e.g., 44) for preventing 

reflected signals from reentering said active senv 
iconductor optical device; 

a second lens (e.g., 34) disposed after 
said isolating nrieans for focusing the output from 
55 said isolating means into a coupled optical wave- 

guiding medium; 

a s cond lens (e.g., 36) disposed betw en 
said active device and said isolating means for 
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coltimating the output from said activ d vice into 
the input of said isolating means; and 

a silicon substrat (e.g.. 11) including a 
plurality of openings (e.g.. 12.20,22,30)f nmedin 
th top surface thereof for placement of said iso- 5 
lating means and said first and second lenses, 
the plurality of openings disposed so as to pro- 
vide optical alignnDent therefc>etween. 

21. An optical subassembly as defined in daim 20 io 
wherein the isolating means comprises 

an isolator optical component (42) placed 
in an opening in the silicon substrate; and 

a pemrtanent magnet (52) disposed to sur- 
round said silicon substrate in the vicinity of said is 
isolator optical components; 

the subassembly further comprising 

support means (48) attached to the under- 
side of the silicon substrate in a manner to pro- 
vide a cantilever optical subassembly arrange- 20 
ment wherein physical contact between said per- 
manent magnet and said silicon substrate is 
avoided. 



richtung zwischen dies n bereitgestellt ist und 

in Tragel m nt (beispielsw ise 48. 50). das in 
Bezug auf das Siliziumsubstrat so ang ordnet 
ist, da& mit diesem eine uberkragend Anord- 
nung ausgebildet wird. 

2. Optische Baugruppe nach Anspruch 1. ferner 
umfassend wenigstens eine akttve optische Ein- 
richtung (40). 

3. Optische Baugruppe nach Anspruch 2, bei wel- 
cher wenigstens eine optische aktive Einrichtung 
einen Laser umfa&t 

4. Optische Unterbaugruppe nach Anspruch 2. bei 
welchem die wenigstens eine optische Baugrup- 
pe inner halb einer dffnung 30 in der oberen 
Oberflache des Siliziunr^ubstrats in Nachbar- 
schaft zum Tragelement angeordnet ist 

5. Optische Baugruppe nach Anspruch 2, bei wel- 
cher die Vielzahl von optischen Einrichtungen 
ferner einen optischen Isolator 44 umfa&t. 



22. An optical subassembly as defined in daim 21 25 
wherein the support means comprises a thermo- 
electric coder attached to the underside of the 
silicon substrate in the vicinity of the active sem- 
iconductor optical device and the isolator optical 
component. 30 

23. An optical subassembly as defined in daim 20 
wherein 

the first lens comprises a cylindrical GRIN 
lens (34), placed in a relatively rectangular pyra- 35 
midal opening in sa>d silicon substrate; and 

the second lens comprises a spherical 
lens (36). placed in a relatively square pyramidal 
opening in the silicon substrate. 

40 

24. An optical subassembly as defined in claim 20 
wherein the silicon substrate is formed to indude 
an opening (30) for placement of a active device 
chip carrier. 



Patentansprucha 

1. Optische Baugruppe, umfassend: 

eine Vielzahl optischer Einrichtungen (34, 36, 40, so 
44), ein Siliziumsubstrat (11), das definitionsge- 
ma& eine obere Hauptot>erflache (13) umfa&t. 
wobei das Siliziumsubstrat eine Vielzahl von dff- 
nungen (12. 20. 22, 30), die in dessen oberer 
OberflSche ausgebildet sind, umfa&t, wobei die 55 
Vielzahl von dffnung n fur die Anordnung der 
Vielzahl von optisch n Einrichtung n ausgebil- 
det ist und so angeordnet ist. da& optische Aus- 



6. Optische Baugruppe nach Anspruch 5, bei wel- 
cher der optische Isolator eine optische Isolator- 
komponente innerhalb einer dffnung in der obe- 
ren Siliziumoberflache so umfal^t, da& optische 
Ausrichtung zur aktiven optischen Einrichtung 
besteht und 

einen Permanentmagneten (52), der um die op- 
tische Isdatorkomponente so angeordnet ist, 
da(^ physikalischer Kontakt zum Siliziumsubstrat 
vermieden ist 

7. Optische Baugruppe nach Anspruch 2, bei wel- 
cher die Vielzahl optischer Einrichtungen ferner 
wenigstens eine passive optische Komponente 
(34, 36) umfassen. 

8. Optische Baugruppe nach Anspruch 7. bei wel- 
cher die wenigstens eine passive optische Konv 
ponente eine erste Linse (34) zum Koppein eines 
optischen Signals, das aus der optischen Bau- 
gruppe austritt. an ein externes optisches Konv 
munikationsmedium und eine zweite Linse (36). 
die an die aktive optische Einrichtung zum 
Kollimieren des optischen Ausgangssignals von 
dieser gekoppelt ist. umfe&t 

9. Optische Baugruppe nach Anspruch 8. bei wel- 
cher das externe optische Kommunikationsmedi- 
um eine optische Faser (54) umfal^t. 

10. Optisch Baugruppe nach Anspruch 8, bei wel- 
cher di rst Linse eine Gradientenindexlinse 
von zylindrischer Form zum Transformi ren h 
nes kollimi rt n Eingangsstrahls in inen fokus- 
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si rt n Ausgangsstrahl umfa(^t und di zw it 
Lins in spharisch Linse zum Kotlimi ren des 
an diese angelegten Eingangssignals unrrfaflt. 

11. Optische Baugruppe nach Anspruch 10, bei wet- 5 
Cher das Slliziumsubstrat umfa(^t 

sine erste Offnung (18) fur die erste Linse, wobel 
die erste Offnung eine relativ trapezformige 
Form einer Tiefe d^ auf weist und 
eine zweite Offnung (20) fur die zweite Linse, wo- io 
bei die zweite dffnung eine relativ quadratische 
pyramidenformlge Form einer Tiefe 62 auf weist. 

12. Optische Baugruppe nach Anspruch 11, bei wel- 
cher die Tiefe di innerhalb des Bereichs von un- is 
ge^hr 500-700|inri liegt und die Tiefe 62 inner hatb 

des Bereichs von ungefahr 100-200 |im liegt. 

13. Optische Baugruppe nach Anspruch 2, bei wel- 
cher das Tragelement einen thernrioelektrischen 20 
Kuhler unifa&t 

14. Optische Baugruppe nach Anspruch 13, bei wel- 
cher der thernrtoetektrische Kuhler In Bezug auf 

das Slliziumsubstrat so angeordnet ist, dad ein 25 
thermischer Transportweg durch das Siliziunv 
substrat zuraktiven optischen Einrichtung bereit- 
gestellt ist. 

15. Optische Baugruppe nach Anspruch 14, bei wel- 30 
Cher die Vielzaht von optischen Elnrichtungen 
ferner einen optischen Isolator umfa&t, der eine 
optische Isolatorkomponente aufwelst, die inner- 
halb einer dffnung in der oberen Oberf lache des 
Slliziumsubstrats angeordnet Ist und entlang des 35 
therm ischen Transport weges vom thermoelektri- 
schen Kuhler und dem Slliziumsubstrat angeord- 
net ist. 

16. Optische Baugruppe nach Anspruch 2, bei wel- 40 
Cher die wenigstens eine aktlve optische Einrich- 
tung an einem optischen TrSgerchip (38) ange- 
ordnet 1st, wobei der optische Tragerchip an der 
oberen Oberf lache des Slliziumsubstrats befe- 
stlgt Ist. 45 

17. Optische Baugruppe nach Anspruch 16, bei wel- 
ch er der Tragerchip Innerhalb einer in der oberen 
Oberflache des Silizlunr^ubstrats ausgebitdeten 
dffnung befestigt Ist, wobei die Tiefe der dffnung so 
so ist, dad der aktive Bereich der optischen Ein- 
richtung oberhalb der oberen Oberflache des Si- 
lizlumsubstrats angeordnet verbleibt 

18. Optische Baugruppe nach Anspruch 2, bei wel- 55 
ch r di w nigstens Ine aktiv Einrichtung f r- 

ner als zweite aktrve Einrichtung inen RuckflS- 
ch nmonltor (46) umfa&t, der ang ordnet ist, um 



das aus der Ruckflach der ersten aktiven opti- 
schen Einrichtung austr tende optlsch Signal 
zuschn iden. 

19. Optisch Baugruppe nach Anspruch 1, b i wel- 
cher das Slliziumsubstrat <100> orientiertes Si- 
llzium derart umfa&t, da& die VIelzahl der 6ff nun- 
gen einwarts geneigte Seitenwande von <111> 
Orlentierung haben. 

20. Optische Baugruppe umfassend 

eine aktive optische Halbleitereinrichtung (bei- 
spieisweise 40), eine Isolatlonseinrichtung (bei- 
spieiswelse 44) zum Ver hinder n, da& reflektierte 
Signal In die aktive optische Halbleitereinrich- 
tung wieder eintreten, 

eine erste Linse (beispielswelse 34), die hinter 
der Isolatlonseinrichtung zum Fokussieren des 
Ausgangssignals von der Isolatlonseinrichtung in 
ein gekoppeltes optlsches Wellenleltermedlum 
angeordnet 1st, 

eine zweite Linse (beisptelsweise 36), die zwi- 
schen der aktiven Einrichtung und der Isolatlons- 
einrichtung zum Kollimieren des Ausgangssi- 
gnals von der aktiven Einrichtung in den EIngang 
der Isolatbnseinrichtung angeordnet ist, und 
ein Slliziumsubstrat (beisptelsweise 11), das eine 
Vielzahl von Offnungen umfaRt (beispielswelse 
12. 20, 22, 30), die In dessen oberer Oberflache 
ausgebildet sind zum Plazieren der Isolatlonsein- 
richtung und der ersten und der zweiten Linse, 
wobei die Vielzahl von dffnungen so angeordnet 
ist, da& optische Justierung zwischen diesen be- 
reltgestellt wird. 

21. Optische Baugruppe nach Anspruch 20, bei wel- 
cher die Isolatlonseinrichtung umfatlt 

eine optische Isolatorkomponente (42), die in ei- 
ner dffnung des Slliziumsubstrats angeordnet ist 
und 

einen Permanentmagneten (52), der das Sllizi- 
umsubstrat in der N3he der optischen Isolator- 
komponente n umgebend angeordnet ist, wobei 
die Baugruppe ferner unnfa&t 
Eine Trag einrichtung (48), die an der Unterselte 
des Slliziumsubstrats auf eine Weise befestigt 
Ist, da& eine vorkragende optische Baugruppe 
bereltgestellt wird, bei welcher physlkallscher 
Kontakt zwischen dem Permanentmagneten und 
dem SlliziuHDSubstrat vermieden Ist 

22. Optische Baugruppe nach Anspruch 21, bei wel- 
cher die Trageinrichtung einen thermoelektri- 
schen Kuhler umfa&t, der an der Unterselte des 
Slliziumsubstrats in der Nahe d r aktiv n opti- 
schen Halbleitereinrichtung und der optischen 
Isolatorkomponente befestigt Ist. 
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23, Optische Baugruppe nach Anspruch 20, bei wel- 
cher 

die rsteLinse inezylindrischeGRIN-Linse(34) 
umfa&t. die in iner relativ r cht ckformigen py- 
ramidenformigen Offnung in denn Siliziunnsub- 
strat angeordnet ist und 

die zweite Linse sine spharische LInse (36) unv 
fadt, die in einer relativ quadratischen pyrami- 
denfdrmigen Offnung in dem Siliziumsubstrat an- 
geordnet ist. 

24. Optische Baugruppe nach Anspruch 20, t>ei wel- 
cher das Siliziumsubstrat mit einer Offnung (30) 
fur das Anordnen eines Chiptragers einer aktiven 
Einrichtung ausgebitdet ist. 



Revendications 

1. Un sous-ensemble opttque comprenant : 

un ensemble de dispositifs optiques (34, 
36, 40, 44) ; 

un substrat en sllicium (11 ) d^f ini de fagon 
^ comprendre une surface sup^rieure principale 
(13), ce substrat en siticium comprenant un en- 
semble d'ouvertures (12, 20, 22, 30) form6es 
dans sa surface sup^rieure, Tensemble d'ouver- 
tures 6tant pr^vues pour le placement de Ten- 
semble de dispositifs optiques et 6tant dispos^es 
de fa^on d 6tablir un alignement optique entre 
eux ; et 

un 6l6ment de support (par exemple 48, 
50), disp)os6 par rapport au substrat en sllicium 
de fagon d former une configuration en porte-S- 
faux avec ce dernier. 

2. Un sous-ensemble optique d6f ini dans la reven- 
dication 1, comprenant en outre au moins un dis- 
positif optique actif (40). 

3. Un sous-ensemble optique d^f ini dans la reven- 
dication 2, dans lequel le ou les dispositifs opti- 
ques actifs comprennentun laser. 

4. Un sous-ensemble optique ddf ini dans la reven- 
dicatbn 2, dans lequel le dispositif optique actif, 
ou chacun d'eux, est plac^ S Tint^rieur d'une ou- 
verture (30) dans la surface sup^rieure du subs- 
trat en Sllicium, d proximity de I'dl^ment de sup- 
port. 

5. Un sous-ensemble optique d^f ini dans la reven- 
dication 2, dans lequel Tensemble de dispositifs 
optiques comprend en outre un isolateur optique 
(44). 

6. Un sous-ens mbl optique d^fini dans la reven- 
dication 5, dans I quel Tisolateur optiqu 
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comprend 

un composant optiqu d'isdat ur plac6 ^ 
Ttnt^rieur d'un ouv rtur dans la surface sup^ 
rieure du substrat en sllicium, d fa^on ^ 6tre en 
alignement optique avec le dispositif optique ac- 
tif ; et 

un aimant permanent (52) dispose de fa- 
9on d entourer le composant optique d'isolateur 
de mani^re d dviter un contact physique avec le 
substrat en silicium. 

7. Un sous-ensemble optique d^f ini dans la reven- 
dication 2. dans lequel Tensemble de dispositifs 
optiques comprend en outre au moins un compo- 
sant optique passif (34, 36). 



8. Un sous-ensemble optique d6f ini dans la reven- 
dication 7, dans lequel le ou les composants op- 
tiques passifs comprennent 

20 une premiere lentiile (34) pour coupler 

vers un milieu de communication optique externe 
un signal optique qui sort du sous-ensemble op- 
tique ; et 

une seconde lentiile (36) coupl6e au dis- 
25 positif optique actif pour colli mater remission op- 
tique de ce dernier. 

9. Un sous-ensemble optique d^f ini dans la reven- 
dication 8, dans lequel le milieu de communica- 

30 tion optique externe comprend une fibre optique 

(54). 

10. Un sous-ensemble optique d^fini dans la reven- 
dication 8. dans lequel 

35 la premiere lentiile consiste en une lentiile 

d gradient d'indice de forme cyiindrique, pour 
transformer un faisceau d'entr^e colllmatd en un 
faisceau de sortie focal is6 ; et 

ia seconde lentiile consiste en une lentiile 

40 sph^rlque pour collimater le signal d'entr^e opti- 
que qui tui est appliqu^. 

11. Un sous-ensemble optique d^fini dans la reven- 
dication 10, dans lequel le substrat en sllicium 

45 comprend 

une premiere ouverture (18) pour la pre- 
miere lentiile, cette premiere ouverture ayant une 
forme relativement trap^zordale d*une profon- 
deur di ; et 

so une seconde ouverture (20) pour la secon- 

de lentiile, cette seconde ouverture ayant une 
forme relativement pyramidale carr6e d'une pro- 
fondeur d2. 

55 12. Un sous- nsemble optiqu d^f ini dans la reven- 
dication 11, dans lequel la pmfondeurdi est dans 
la plage d'environ 500-700 ^m, t la profondeur 
62 est dans la plage d'environ 100-200 fim. 
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13. Un sous-ens mble optiqu d^fini dans la r v n- 
dication 2, dans lequel I'6l6m nt de support 
compr nd un dispositif d refroidissem nt th r- 

ctrique. 

5 

14. Un sous-ensemble optique d^ini dans la reven- 
dication 13. dans lequel le dispositif de refroidis- 
sement thermo6lectrique est dispos6 par rapport 
au substrat en siliciunri de fagon ^ 6tablir un che- 

min de transfert therm ique d travers le substrat io 
en sllicium, vers le dispositif actif. 

15. Un sous-ensemble optique d6fini dans la reven- 
dication 14, dans lequel Tensemble de dispositifs 
optiques comprend en outre un isolateur optique is 
comprenant un com posant optique d'isolateur qui 

est plac6 ^ I'int^rieur d'une ouverture dans la sur- 
face sup6rieure du substrat en silicium, et qui est 
dispose le long du chemin de transfert thenmique 
entre le dispositif de ref roidlssement themno^lec- 20 
trique et le substrat en silicium. 

16. Un sous-ensemble optique d^fini dans la reven- 
dication 2, dans lequel le dispositif optique actif. 

ou chacun d*eux, est dispose sur un support de 25 
puce optique (38). ce support de puce optique 
dtantf ix^ sur la surface sup^rieure du substrat en 
silicium. 

17. Un sous-ensemble optique d^fini dans la reven- 30 
dication 16, dans lequel le support de puce est 

f ix6 d t'int^rieur d'une ouverture form^e dans la 
surface sup^rieure du substrat en silicium. la pro- 
fondeur de Touverture dtant telle que la region ac- 
tive du dispositif optique reste placSe au-dessus 35 
de la surface sup^rieure du substrat en silicium. 

18. Un sous-ensemble optique d^fini dans la reven- 
dication 2, dans lequel les dispositifs actifs 
comprennent en outre d titre de second dispositif 40 
actif. un dispositif de contrdle de face arri^re (46) 

qui est positionn^ de fagon d intercepter le signal 
optique sortant par la face arri^re du premier dis- 
positif actif. 

45 

19. Un sous-ensemble optique d6fini dans la reven- 
dication 1. dans lequel le substrat en silicium 
consiste en silicium d'orientation <100> , de fa- 
gon que Tensemble d'ouvertures comprennent 

des parois lat^rales altant en se rapprochant vers so 
rint§rieur, d'orientation <111>. 

20. Un sous-ensemble optique comprenant 

un dispositif optique ^ semiconducteurs 
actif (par exemple 40) ; 55 

d s moy ns d'isolation (par xemple 44), 
pour empficher qu des signaux r^ft^chis ne re- 
tournentvers Tint^rieurdu dispositif optiqu k se- 



miconduct urs actif; 

un premiere I ntille (par xemple 34), 
dispos^e apr^s les nrtoyens d'isolation, pour fo- 
caliser remission de sortie des moyens d'isola- 
tion vers un milieu de guidage d'ondes optique 
couple ; 

une seconde ientille (par exemple 36), dis- 
pos6e entre le dispositif actif et les moyens d'iso- 
lation, pour cdlimater remission du dispositif ac- 
tif vers I'entr^ des moyens d'isolation ; et 

un substrat en silicium (par exemple 11) 
comprenant un ensemble d'ouvertures (par 
exemple 12. 20. 22, 30) fbnm^es dans sa surface 
sup^rieure, pour le placenrtent des nioyens d'iso- 
lation et des premiere et seconde lentilles, I'en- 
semble d'ouvertures 6tant d is poshes de fagon d 
assurer un alignement optique entre eux. 

21. Un sous-ensemble optique d^f ini dans la reven- 
dicatton 20. dans lequel les moyens d'isolation 
comprennent 

un composant optique d' isolateur (42) pla- 
c4 dans une ouverture dans le substrat en sili- 
cium ; et 

un aimant permanent (52) dispose de fa- 
gon d entourer le substrat en silicium au voisina- 
ge des composants optiques d'isolateur ; 

le sous-ensemble comprenant en outre 
des moyens de support (48) fix^ sur la 
face inf^rieure du substrat en silicium. de mani^ 
re k procurer une configuration de sous- 
ensemble optique en porte-^-faux, dans laquelle 
un contact physique entre I'aimant permanent et 
le substrat en silicium est 6vit^. 

22. Un sous-ensemble optique d^f ini dans la reven- 
dication 21, dans lequel les moyens de support 
comprennent un dispositif de ref roidlssement 
thermo^iectrique qui est f ix6 d la face inf^rieure 
du substrat en silicium, au voisinage du dispositif 
optique ^ semiconducteurs actif et du composant 
optique d'isolateur. 

23. Un sous-ensemble optique d^f tni dans la reven- 
dication 20, dans lequel 

la premiere Ientille consiste en une Ientille 
GRIN cyiindrique (34). plac^e dans une ouvertu- 
re relativement pyramidale recta ngul aire dans le 
substrat en silicium ; et 

la seconde Ientille consiste en une Ientille 
sph^ue (36), plac^ dans une ouverture relative- 
ment pyramidale carr6e dans le substrat en silicium. 

24. Un sous-ensemble optique ddf ini dans la revendi- 
cation 20, dans t quel le substrat n silicium st 
form6 de fagon k comprendre une ouverture (30) 
pour le placement d'un support d puce d dispo- 
sitif actif. 
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